In the present study, we report that low concentrations of the glutamate ionotropic agonist kainate decreased the turnover of [ 3 H]-phosphoinositides ([ 3 H]-InsPs) induced by muscarinic receptors in the chick embryonic retina. When 100 µM carbachol was used, the estimated IC 50 value for kainate was 0.2 µM and the maximal inhibition of ~50% was obtained with 1 µM or higher concentrations of the glutamatergic agonist. Our data also show that veratridine, a neurotoxin that increases the permeability of voltage-sensitive sodium channels, had no effect on [ 3 H]-InsPs levels of the embryonic retina. However, 50 µM veratridine, but not 50 mM KCl, inhibited ~65% of the retinal response to carbachol. While carbachol increased [ 3 H]-InsPs levels from 241.2 ± 38.0 to 2044.5 ± 299.9 cpm/mg protein, retinal response decreased to 861.6 ± 113.9 cpm/mg protein when tissues were incubated with carbachol plus veratridine. These results suggest that the accumulation of phosphoinositides induced by activation of muscarinic receptors can be inhibited by the influx of Na + ions triggered by activation of kainate receptors or opening of voltagesensitive sodium channels in the chick embryonic retina. Key words
An extensive amount of data has shown the existence of G-protein-linked receptors negatively coupled to adenylate cyclase and ion channels. However, no inhibitory Gproteins capable of interfering with the phospholipase C transduction pathway have been described so far. Despite the lack of such protein(s), several mechanisms have been proposed to mediate the inhibition of the phosphoinositide (InsPs) turnover pathway (1) . They include receptor desensitization and/or sequestration, depletion of intracellular calcium stores, desensitization of inositol-trisphosphate receptors, substrate depletion and product inhibition.
The development of the [ 3 H]-phosphoinositide ([ 3 H]-InsPs) turnover induced by muscarinic receptors in the chick embryo retina was characterized previously (2) . The response of the retina to carbachol was high in early developing tissues and decreased after synaptogenesis. Moreover, both the mobilization of intracellular calcium by muscarinic receptors (3) and capacitive influx of this ion (4) were shown to be high in early developing chick retinas, also decreasing after The embryos were decapitated, the eyes removed and the retinas dissected out free of the pigmented epithelium in cold calciumand magnesium-free medium (CMF) containing 131 mM NaCl, 4.09 mM KCl, 0.45 mM KH 2 PO 4 , 0.92 mM Na 2 HPO 4 , 12.2 mM glucose and 9.4 mM NaHCO 3 , pH 7.3.
Retinas were incubated for 2.5 h, at 37 o C, in 1 ml of inositol-free Dulbeccos modified Eagles medium (DMEM; Life Technologies, Grand Island, NY), previously oxygenated and containing 1 µCi [ 3 H]-myo-inositol. LiCl, to a final concentration of 10 mM, was added 1.5 h after the beginning of incubation. Carbachol was added and the tissues were incubated for an additional 1-h period. Incubations were interrupted by washing the tissues three times with 2 ml of Hanks balanced salt solution and by the addition of trichloroacetic acid (final concentration, 15%).
The protein present in the samples was removed by centrifugation at 27,000 g for 30 min, dissolved in 1 N NaOH and quantified as described (9) . The aqueous phase was washed three times with ether and neutralized with an equal volume of 20 mM TrisHCl, pH 7.4, containing 5 mM EDTA. The mixture was added to a 1-ml Dowex X-8 column (formate form). The columns were sequentially eluted with water, 5 mM sodium tetraborate/60 mM ammonium formate and 0.1 mM formic acid/1 M ammonium formate. This sequence removed
InsPs, which were extracted in the same fraction by the batch method (10). Radioactivity was determined by liquid scintillation spectroscopy.
In retinas from 14-day-old embryos (E14), 100 µM carbachol induced an increase of [ 3 H]-phosphoinositide turnover from 374.6 ± 41.3 to 3497.6 ± 209.5 cpm/mg protein ( Figure 1 ). When increasing concentrations of kainate were added to the medium, a progressive and significant decrease of carbachol-induced accumulation of [ 3 H]-InsPs the synaptogenesis of this tissue. These observations, together with data showing that phospholipase C inhibitors decrease calcium mobilization induced by muscarinic receptors in developing chick retina (5) and that biochemical properties of these receptors change during chick retinal development (6) (7) (8) , reinforce the idea of the existence of an embryonic muscarinic receptor system in this tissue (3) .
Glutamate is also a well-recognized neurotransmitter in the vertebrate retina. In the chick embryo retina, this compound was shown to decrease the retinal accumulation of [ 3 H]-InsPs induced by the activation of muscarinic receptors through NMDA and kainate receptors. No such inhibitory effect was observed with GABA, dopamine, adenosine or glycine (2) .
In the present study, we further characterized the regulation of the turnover of [ 3 H]-phosphoinositides induced by muscarinic receptors in the chick embryonic retina by examining the potency of kainate to decrease the retinal response to carbachol. We also examined the effects of veratridine and high extracellular KCl, two depolarizing agents known to increase the influx of Na + ions into neuronal cells. (11) . In order to determine if inhibition of the muscarinic-dependent [ 3 H]-InsPs turnover was mediated by cell depolarization and influx of Na + ions, we investigated the effect of veratridine, a potent neurotoxin able to increase the permeability of voltagesensitive sodium channels, on the carbacholinduced In the present study, we have shown that low doses of kainate promoted the decrease of carbachol-induced [ 3 H]-InsPs accumulation in the chick embryonic retina. The same effect of kainate was previously observed in the hippocampus (12) , prefrontal cortex (13) and mammalian retina (14) . Moreover, previous data have shown that preincubation of chick embryonic retinas with kainate followed by extensive washing and stimulation with carbachol was not able to change the retinal response to carbachol (2). Taken together, these observations suggest that the inhibition by kainate of the cholinergic-dependent [ 3 H]-InsPs accumulation may not involve the toxic effect of glutamate agonists that was previously described in the rat cerebral cortex (15) or cultured retinal cells (16) .
Some of the muscarinic receptor subtypes belong to a general class of calciummobilizing receptor systems that operate through a common pathway. In cell lines, it has been observed that an agonist could desensitize the InsPs response to another agonist by depleting the agonist-sensitive intracellular calcium pools (17) . In several tissues, including the retina, glutamate agonists induce the formation of InsPs (2, 14, 18) . Thus, one explanation for the decrease in the muscarinic receptor response induced by kainate would be that this agonist is able to induce the depletion of calcium stores that are necessary for the activation of phospholipase C. However, we did not observe any increase in the [ 3 H]-InsPs turnover when retinas were incubated only with kainate. In addition, we detected a maximal inhibition of the muscarinic response using 1 µM kainate, a concentration that is not sufficient to induce the phosphoinositide turnover of chick retinal cells (18) , suggesting that the inhibitory effect of kainate may not be related to a kainate-dependent stimulation of phosphoinositide metabolism or to a heterologous desensitization of this pathway in this tissue.
Previous studies have shown that activation of muscarinic receptors mobilizes calcium from intracellular stores but does not induce the influx of calcium through L-type voltage-sensitive channels in the retina (3, 14) . A recent report, however, has shown that opening of L-type calcium channels by depolarization with high extracellular KCl or Bay K 8644 induced the formation of InsPs in chick retina cells in culture (19) , suggesting that the influx of calcium through these channels induces the activation of phospholipase C. In the present study, we show that high extracellular KCl, but not kainate or veratridine, induces the accumulation of [ 3 H]-InsPs in the embryonic retina, suggesting that calcium mobilization occurs under KCl, but not kainate or veratridine stimulation of the tissue. Moreover, since kainate stimulates the influx of Na + in chick retinal cells (20) and veratridine increases the permeability of voltage-sensitive Na + channels, our data showing that these compounds inhibit the calcium-dependent InsPs turnover induced by muscarinic receptors suggest that sodium influx may interfere with the activation of phospholipase C by acetylcholine in the chick embryo retina.
In contrast to kainate, high extracellular K + did not decrease the accumulation of 
